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EXECUTIVE SUMMARY 
Project Summary  
Marines operate the MV-22 globally with support from a multi-tiered maintenance and supply system. 
However, low aircraft readiness levels demand improved optimization of the current MV-22 sustainment 
system. With diverse datasets being generated across the MV-22 sustainment system, the data 
environment is ripe for the application of big data analytics (BDA) which has emerged as a discipline for 
deriving value from large heterogeneous data environments. This research specifically examined 
maintenance data for MV-22 aviation depot-level repairables (AVDLRs) that demonstrated high levels of 
reliability-related demand from 2016 to 2018. A cross-industry standard process for data mining (CRISP-
DM) was employed with the application of quantitative methods of analysis. First, outlier demand 
behavior for three AVDLRs was identified across aircraft, squadron, and serial number, with the use of 
Tableau. Second, popular, emerging, and anomalous failure themes contained within maintenance 
comments assigned the same malfunction code were differentiated using Lexical Link Analysis (LLA). 
Third, classification models were tested for predicting the intermediate-level (I-level) action taken codes 
(ATC) and program level failure modes, incorporating LLA comment classification categories as an 
additional independent variable. The findings of this research illustrate opportunities to derive deeper 
understanding of AVDLR failure and repair across multiple levels of naval aviation maintenance. 
 
Keywords: big data, BD, big data analytics, BDA, business analytics, business intelligence, lexical link 




In response to the Independent Readiness Review (IRR) of the MV-22 in 2016, a comprehensive effort to 
improve MV-22 readiness began (United States Marine Corps [USMC], 2019).  With the Office of the 
Secretary of Defense recently setting an aggressive 80% target readiness goal, a significant leap is required 
from the historical 55% plateau (USMC, 2019). In order to achieve the target readiness goal, the 
maintenance, repair, and overhaul (MRO) operations supporting the MV-22 must be optimized across 
the enterprise. With MV-22 aviation MRO involving large amounts of heterogeneous data, opportunity 
exists to exploit the benefits demonstrated in the commercial sector with BDA. 
 
Findings and Conclusions (to include Process) 
 
This research specifically investigated three related issues that impact MV-22 aircraft readiness. First, 
delays in detecting outlier patterns of behavior unnecessarily increase maintenance hours and component 
demand.  Second, readiness can be degraded by delays in determining the true cause of failure for 
components. Third, inefficiencies across the three levels of repair, organizational-level (O-level), 
intermediate level (I-level), and depot-level (D-level), delay component repair and corrective action.   
 
These issues formed the basis of the three research questions explored in this research: 
• How can BDA be applied to improve detection of outlier behavior impacting reliability related 
maintenance on MV-22 AVDLRs? 
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• How can BDA be applied to improve true causes of failure determination of trending MV-22 
AVDLR component failures? 
• How can BDA predictive modeling be used to enhance repair chain efficiency and failure mode 
determination on MV-22 AVDLRs? 
 
A cross-industry standard process for data mining (CRISP-DM) was employed in order to answer each of 
the three research questions, and historical fleet-wide O-level and I-level maintenance data from 2016-
2018 was collected. Three components that demonstrated the highest reliability-related demand became 
the focus of the investigation: the Coanda Valve (Part No. 901-363-203-105), Centerbody (Part No. 
2311095-1), and Constant Frequency Generator (CFG) (Part No. 766101A). The models and findings to 




For the top three components, outlier detection modeling was applied to time series demand data to 
identify outlier behavior according to component serial number, aircraft bureau number (BUNO), and 
squadron. The value of the outlier detection analysis conducted in this research does not reside in the 
identification of specific historical findings, as much as the illustration it provides of potential 
opportunities missed. If Material Maintenance Control Officers (MMCOs) at the squadron level could 
receive near real-time benchmarking of their maintenance behavior against fleet averages, down to the 
individual component level, they could approach troubleshooting with greater knowledge. This in turn 
could drive down unnecessary component replacements, saving time, money and increasing readiness. 
The potential utility of such benchmarking becomes even more valuable when considering the actual 
flight hours for each component onboard the aircraft, rather than just demand-based analysis as 
completed in this research. While troubleshooting an unfamiliar gripe, the MMCO would be equipped 
with real-time knowledge of the expected lifecycle for all components in the system. 
 
Cause of Failure Differentiation 
 
Malfunction (MAL) codes are assigned when a component is removed and provide a generic description 
of the type of failure that occurred (Department of the Navy [DoN], 2017).  However, MAL codes only 
provide a starting point when assessing the cause of component failures in order to determine program 
level corrective actions.  To assist in differentiating themes of failure contained within records assigned 
the same MAL code, Lexical Link Analysis (LLA) was applied to both the O-level description of the 
component failure, and the I-level description of the corrective action taken. LLA is a text mining tool that 
creates a network of clusters from words and word-pairs, and identifies popular, emerging, and 
anomalous themes found in the data (Zhao et al., 2016).  LLA was applied to select MAL code groups for 
each of the targeted three components in order to differentiate themes contained within the maintenance 
comments. These findings suggest that LLA could be used to enhance engineering investigations into 
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This research sought to determine if I-level maintenance actions could be predicted by O-level 
maintenance data, and if program level Army Material Systems Analysis Activity (AMSAA) failure mode 
determinations could be predicted by O-level and I-level data. Overall, the predictive models produced 
mixed results.  When they performed well, it could largely be attributed to the uniformity of the datasets.  
Further refinement of the models with larger datasets is necessary before operational application. 
Additionally, the inclusion of the LLA comment classification for the O-level and I-level comments did 
not enhance the predictive ability of the models.  One notable exception was observed for the CFG 
AMSAA Mode classification. The LLA cluster classifications improved the accuracy of the AMSAA Mode 
prediction for the CFG, with LLA cluster 4 becoming the most strongly associated variable to AMSAA 
Mode 34 “CND Suspect Intermittent.” This finding suggests that machine learning algorithms for text 
analysis could be useful in uncovering valuable information in maintenance comments in the future. 
 
Further Research 
Analysis that incorporates D-level and original equipment manufacturer (OEM) level repair data is a 
logical next step from this project, and cause of failure differentiation at the program level should consider 
the actions of these entities.  Additionally, the inclusion of engineering investigations, quality discrepancy 
reports, and even direct built-in-test (BIT) data from aircraft would enhance the comprehensiveness of 
further research.  Investigation into how LLA theme differentiation impacts the time it takes to 
understand component failures, and determine the appropriate corrective response, should also be 
conducted.  While this research suggests that LLA could improve the process, it remains to be empirically 
demonstrated. Additionally, incorporating the human element of maintenance should be researched as a 
variable influential on aircraft readiness. As suggested by Fisher and Champaigne (2018), BDA could also 
be utilized to identify the specific impact maintainers have on readiness. Therefore, future research could 
leverage BDA to detect errors in maintenance data across the fleet, in order to enhance the integrity of the 
datasets being utilized. Finally, the methodology employed in this research could be expanded across 




Department of the Navy. (2017, January 15). Naval Aviation Maintenance 
Program.(COMNAVAIRFORINST 4790.2C). Retrieved from 
http://www.navair.navy.mil/logistics/4790/library/Chapter%2009.pdf 
Fisher, K., Champaigne, K. (2018, Febuary). Moneyball for maintainers. Association of Marine 
Corps Logisticians. Retrieved from 
https://www.marinecorpslogistics.org/post/moneyball-for-maintainers 
United States Marine Corps. (2019). 2019 Marine Aviation Plan. Retrieved from 
https://www.aviation.marines.mil/Portals/11/2019%20AvPlan.pdf 
Zhao, Y., Mackinnon, D., Gallup, S., & Billingsley, J. (2016). Leveraging Lexical Link Analysis 
(LLA) to discover new knowledge. The Journal of the Military Cyber Professionals 
Association. Retrieved from https://calhoun.nps.edu/handle/10945/51519 
NPS NRP Executive Summary 
 
Title: SUPPLY CHAIN VULNERABILITY IDENTIFICATION USING BIG DATA TECHNIQUES 
Report Date: 12/31/19 Project Number: NPS-19-N120-A 
Naval Postgraduate School / Graduate School of Operational and Information Sciences  





action taken code     ATC 
Army Material Systems Analysis Activity  AMSAA 
aviation depot-level repairable    AVDLR  
big data analytics      BDA 
bureau number      BUNO 
built-in-test      BIT 
constant frequency generator    CFG 
cross industry standard process for data mining  CRISP-DM 
depot-level      D-level 
intermediate-level     I-level 
Lexical Link Analysis     LLA 
malfunction code     MAL 
maintenance, repair, and overhaul   MRO 
Material Maintenance Control Officer   MMCO 
organizational-level     O-level 
United States Marine Corps    USMC 
Department of the Navy    DoN 
 
 
 
